Agricultural ecosystems are spatially and temporally dynamic systems that support wildlife populations in addition to food production for humans. The composition and configuration of land cover within agricultural systems, which often varies seasonally or annually, can have profound impacts on biodiversity. Specifically, landscape structure can influence animal dispersal and distribution. Depending on species-specific ecology, dispersal may be restricted, resulting in smaller, reproductively isolated populations. Few studies have characterized the spatial genetic structure of small mammal species in agricultural landscapes, despite their importance to crop pest management and food webs within agroecosystems. We characterized the spatial genetic structure of 2 co-distributed Peromyscus species (Peromyscus leucopus and Peromyscus maniculatus bairdii), and quantified relationships between spatial genetic structure based on interindividual relatedness resolved from 10 microsatellite loci, and landscape features hypothesized to influence dispersal. We found significant spatial autocorrelation in interindividual relatedness over interindividual distances of 1,800 m for P. leucopus and 300 m for P. maniculatus bairdii. We also identified distinct genetic clusters of interbreeding individuals for both species. Spatial genetic structure of P. leucopus was significantly related to the distribution of roads, indicating that highly fragmented landscapes could negatively affect dispersal and gene flow. Given the large and growing footprint of agriculture globally, it is important that studies of the effects that landscape features have on dispersal of wildlife species include human-dominated landscapes.
Agroecosystems are ubiquitous on a global scale, with an estimated 18% of land in the United States currently used for crop production (Nickerson et al. 2011) . Agricultural ecosystems are complex, heterogeneous landscapes characterized by habitats that range from relatively undisturbed to intensively managed (i.e., cultivated) areas. Land conversion for use in agriculture alters the composition and configuration of uncultivated areas, such as forests and grasslands (Myers 1996) . Agricultural ecosystems also vary temporally with the seasonality of crop production, crop rotations, and changing agricultural practices (Bayne and Hobson 1998) . The spatial and temporal variation in agricultural landscapes can have profound impacts on biodiversity (Moller et al. 2008) . Some research suggests that species richness is positively correlated with landscape heterogeneity (Weibull et al. 2003; Tews et al. 2004 ). For example, in a study of biodiversity in Atlantic Forest fragments, species richness of small mammals was negatively related to decreasing size of forest fragments and isolation of forest fragments by large intervening areas used for agriculture (Vieira et al. 2009 ). In addition, biodiversity can have a reciprocal impact on agricultural production and sustainability (Moller et al. 2008) . Replacing monocultures with more heterogeneous agricultural fields (e.g., including woodlots, fencerows, hedgerows, etc.) can increase the diversity of arthropod species that are beneficial to agricultural production (Altieri 1999) .
The composition and configuration of habitat features that characterize landscapes may restrict or promote dispersal of individuals (Lidicker 1975; Dunning et al. 1992; Stenseth and Lidicker 1992; Taylor et al. 1993; Loxterman et al. 1998; Landry and Lapointe 2001; Yang and Kenagy 2009; MunshiSouth and Nagy 2014) . For most species, rates of dispersal and gene flow are positively correlated (Allendorf 1983) and consequently, dispersal has a large effect on the magnitude and spatial scale over which populations vary genetically (Bohonak 1999; Ohnishi et al. 2000; Gauffre et al. 2008) . Habitat fragmentation can reduce dispersal of individuals between habitat patches and contribute to a decrease in genetic diversity within small, isolated populations (Frankham 2005) . Consequently, the role of landscapes in facilitating or impeding dispersal between groups of individuals is of interest to managers and conservation agencies concerned with maintaining viable populations (Andren 1994) . Importantly, responses to the same suite of habitat features may differ among co-distributed species based on species-specific morphology, life history, diet, and niche breadth (Nupp and Swihart 2000) .
Members of the genus Peromyscus are ubiquitously distributed throughout North America, and can be found in most ecosystems including forests, deserts, and grasslands (Baker 1983) . Two species of Peromyscus, prairie deer mice (Peromyscus maniculatus bairdii) and white-footed mice (Peromyscus leucopus), can be co-distributed in agricultural landscapes (Drickamer 1970) . These rodent species play an important role as a food resource for many predatory birds of conservation concern (e.g., various owl species-Geis 1952) and economically valuable fur-bearing mammals (Baker 1983) . Rodents have been implicated in crop losses (Linduska 1942) ; however, they may also provide direct benefits to agriculture by consuming weed seeds and crop-damaging insects (Whitaker 1966; Clark and Young 1986; Getz and Brighty 1986) . For example, 1 study conducted in east-central Illinois found that the ability of P. maniculatus to feed on weed seeds and insect pests compared to planted crop seeds or crops in cultivated fields was sufficient to have a positive impact on crops (Getz and Brighty 1986) . This same study found no evidence that P. leucopus had any negative impact on economically valuable crops through their dietary preferences (Getz and Brighty 1986) . Another study conducted in the midwestern United States also found that diets of P. maniculatus contained a much larger percentage of potential insect pests than crops (Clark and Young 1986) .
Patterns of dispersal and spatial genetic structure vary among species of Peromsycus. Studies of P. leucopus populations have demonstrated their preference for wooded areas (Burt 1940; Kaufman and Fleharty 1974; Cummings and Vessey 1994) , but the ability to disperse between woodlots and adjoining farmland habitat (Middleton and Merriam 1981) . P. maniculatus bairdii has been shown to prefer early successional areas, including grasslands, prairie, pasture, and even fallow cropland (Beckwith 1954) . Land conversion and human activity in agricultural ecosystems may actually promote dispersal of P. maniculatus bairdii and P. leucopus, resulting in low levels of spatial genetic structure. In several studies of gene flow in rodents, habitat fragmentation was not sufficient to create spatial genetic structure through limitation of dispersal (deer mice-Witt and Huntly 2001; white-footed mice-Mossman and Waser 2001; common voles, Microtus arvalis- Gauffre et al. 2008) . However, other studies suggest that dispersal by P. leucopus is inhibited by land conversion and that individuals may be unable to disperse from preferred habitat (Barko et al. 2003) . If dispersal is not sufficient between temporary (e.g., crop fields) and permanent (e.g., undisturbed woodlots) habitat, there may be significant genetic structuring among populations. Some linear habitat features that act as barriers, including roads, may also influence genetic structuring (Murphy et al. 2010; Howell et al. 2016) by inhibiting dispersal between adjacent habitats via increased mortality (Seiler et al. 2004) .
Landscape genetics quantifies how specific habitat features influence dispersal, gene flow, and spatial genetic structure (Manel et al. 2003) . However, only ca. 11% of all published landscape genetic studies have investigated spatial genetic structure in highly spatiotemporally dynamic agroecosystems (Storfer et al. 2010) . Another important, and understudied (but see Goldberg and Waits 2010; Howell et al. 2016 ), research area is how the genetic structure of co-distributed species with similar life histories is impacted by a similar suite of landscape variables. Conservation of multiple species occupying the same geographic area will require an understanding of how landscape changes impact communities rather than single species. The majority of studies in landscape genetics have been conducted at the scale of the population, whereas more meaningful inference regarding the spatial genetic structure of continuously distributed populations could be gained by conducting analyses at the scale of the individual, where the somewhat arbitrary delineation of a population is avoided (Manel et al. 2003) . Finally, historical landscapes, in addition to contemporary landscape structure, can influence current spatial genetic structure (Harding et al. 1998) .
In this study, we quantified 1) the presence and spatial extent of genetic structure for P. leucopus and P. maniculatus bairdii within an agricultural ecosystem, and 2) how the composition and configuration of landscape features influenced the spatial genetic structure we observed. For both species, we hypothesized that dispersal would be negatively affected by major paved roads (Seiler et al. 2004 ). For P. leucopus, we hypothesized that dispersing individuals would preferentially move through areas with a higher amount of forest (Barko et al. 2003) . For P. maniculatus bairdii, we tested both the hypothesis that dispersing individuals prefer forested areas, i.e., that they are affected by the landscape in the same way as P. leucopus, and the alternative hypothesis that dispersing individuals prefer more open habitats, including grasslands, prairie, and agricultural fields (Beckwith 1954) . Because our study site utilizes a rotational crop-planting regime, we also evaluated the hypothesis that the spatial dispersion of crops in the previous year would impact spatial genetic structure of Peromyscus the following year. We hypothesized that the spatial configuration and composition of crops, forest, and developed areas in previous years (i.e., 2012) and the year of sampling (i.e., 2013) would affect the movement of individuals and result in non-random mating that would influence spatial genetic structure in the year of sampling (2013). Specifically, we hypothesized that P. leucopus would prefer forested areas followed by cover types that provided cover from aerial predation, based predominately on vegetation height, and forage opportunities (Crop Model 1; see Supplementary Data SD3). We tested the same hypothesis for P. maniculatus bairdii, as well as the hypothesis that they would preferentially move through more open areas with opportunities to forage (Crop Model 2; see Supplementary Data SD3). The spatial distribution of 1 species may influence dispersal and consequently spatial genetic structure in other co-distributed species. Thus, we evaluated the hypothesis that heterospecific density (i.e., P. leucopus or P. maniculatus) influenced the spatial genetic structure for each species. For a given hypothesis to be supported, our expectation was a significant, positive relationship between cost distance and genetic distance. In addition to the multiple competing hypotheses described above, we also tested a hypothesis of isolation by distance, whereby we expect genetic distance to be significantly correlated with the straightline distance among individuals.
Materials and Methods
Study site.-Our study was conducted at the Kellogg Biological Station (KBS), a long-term agroecological research site (approximately 17 km 2 ) owned and operated by Michigan State University (MSU) in Hickory Corners, Michigan (Fig. 1) . Considered within the larger agricultural landscape of the surrounding area, KBS represents a complex mosaic of ecosystems, with considerable heterogeneity in underlying microhabitat features. A number of different field experimental plots are maintained at KBS, representing a variety of crops that are maintained using different agricultural management strategies. KBS also includes wooded and successional grassland areas throughout the site, as well as human dwellings.
Spatial arrangement of collection sites.-Peromyscus leucopus and P. maniculatus bairdii were livetrapped during May-August of 2013 at the KBS. Aluminum, medium-sized (23 × 8 × 8 cm) Sherman live traps (H. B. Sherman Co., Tallahassee, Florida) were arranged in grids. The total number of grids in a plot was proportional to the area contained within each respective cover type (woodlot or agricultural field). Grids consisted of a trapping array of 4 × 10 traps (n = 38; 19 grids encompassing woodlots and 19 grids encompassing agriculture fields), with 10-m spacing between each trap. The location of the center of grids was determined using the Hawth's tools (Beyer 2004 ) random point generator with the constraints that grids were 100 m apart and located only within woodlot or agricultural areas. Based on a pilot study in 2012, no mice were recaptured in transects separated by distances of 85 m or more. In addition to grids sampling agriculture fields and woodlots, 10 randomly chosen dwellings were sampled. Twenty traps were laid out around each building exterior with at least 10-m spacing between traps. In all sites, traps were placed to maximize probability of capturing an animal. Locations of trapped individuals were recorded at the trap with a handheld Garmin GPS unit (Garmin International, Inc., Olathe, Kansas).
Trapping was conducted during 2 sampling sessions, springearly summer (May-June) and mid-late summer (July-August). The order in which we sampled sites during each time period was determined based on the location of trap arrays and planting activities, with 3-4 arrays visited per sampling occasion. Each trap array was trapped for 2 days during an early (May-June) and late (July-August) trapping session. Traps were baited the evening prior to daily trapping sessions with sunflower seeds. Traps were opened between 1700 and 2000 h and checked the following morning between 0600 and 0900 h.
Sample collection.-Tissue samples (2 mm 2 ) for DNA extraction were collected from the outer ear of each captured animal using sterilized scissors and preserved in 95% ethanol for transport back to MSU. In addition to collecting tissue samples, we recorded the age (juvenile or adult), sex (male or female), and weight (grams). All individuals were given a uniquely numbered ear tag. All handling and sampling protocols were conducted using Michigan State University Institutional Animal Care and Use Committee Animal Use and Care application 05/12-088-00 and conformed to guidelines of the American Society of Mammalogists (Sikes et al. 2016) .
DNA isolation and microsatellite genotyping.-Genomic DNA was extracted from 276 ear tissue samples using Qiagen DNeasy Tissue Kit (Qiagen, Valencia, California) following the manufacturer's protocol. Total genomic DNA was quantified using a nanodrop spectrophotometer (Thermo Scientific, Waltham, Massachusetts) and diluted to 20 ng/µl working concentration. Ten previously described microsatellite loci were amplified using polymerase chain reaction (PCR-Chirhart et al. 2000; Mullen et al. 2006; see Supplementary Data SD1) . PCR reactions were prepared using 40 ng of DNA template, 10 mM Tris-HCL buffer, 2 mM MgCl 2 , 0.2 mM of each dNTP, 1 pmol of each primer, and 0.5 U of Taq polymerase. PCR amplification was performed using the following steps: initial denaturation at 94°C for 4 min, followed by 32-39 cycles of denaturation at 94°C for 1 min, locus-specific annealing temperature (see Supplementary Data SD1) for 1 min, and extension at 72°C for 1 min, followed by a final extension at 72°C for 5 min. PCR products were run on a 6% acrylamide gel for electrophoresis, and visualized in a Hitachi FMBIO II scanner (Hitachi, Ltd., Tokyo, Japan). Allele sizes were scored independently by 2 laboratory personnel. Ten percent of the samples were randomly selected and genotyped for a 2nd time to assess genotyping error.
Species identification.-A modification of the protocol developed by Caldwell and Novitski (1998) was used to discriminate between P. leucopus and P. maniculatus. The Caldwell and Novitski (1998) protocol is based on species-specific restriction sites in the control region of mitochondrial DNA, where the enzyme cuts only P. leucopus DNA. New primers: Forward 3′-AATCAGCCCATGATCAACA, and Reverse 3′-TGCTTTTGGGGTTTGTCA were designed to reduce the PCR amplicon size using available GenBank sequences for P. leucopus (accession numbers: GU810187.1-GU810356.1) and P. maniculatus (accession numbers: GU810357.1-GU810373.1). PCR conditions consisted of an initial denaturation step at 94°C for 2 min, followed by 35 cycles of denaturation at 94°C for 1 min, annealing at 58°C for 1 min, extension at 72°C for 2 min; and a final extension at 72°C for 5 min. The BamHI restriction enzyme was used following the manufacturer instructions. Electrophoresis of restriction fragment digests was performed on a 2% agarose gel and ethidium bromide staining to determine the species. P. maniculatus DNA was uncut and had a band of ~300 bp, while P. leucopus DNA was cut and had 2 bands of ~150 bp. Museum samples from the Michigan State University Museum for both species were used as positive controls (P. maniculatus accession number MSU MR.54770, P. leucopus accession number MSU MR.2479). Species identification was also confirmed using dissimilarity in bandings patterns at the microsatellite locus Pml-05, which also demonstrate a large number of private alleles (see Supplementary Data SD2).
Population genetic analyses.-Program Genalex was used to determine the allele frequencies for each locus for both species (see Supplementary Data SD2), and to test for deviations from expected (under Hardy-Weinberg) genotype frequencies (Peakall and Smouse 2006) . Significance levels were adjusted following Bonferroni correction (Rice 1989) . Also Genalex was used to determine genetic diversity measures including mean expected heterozygosity (H E ), and Wright's fixation index (F). Allelic richness was estimated for each locus using the software FSTAT (Goudet 1995) . Finally, given the high positive F-values, heterozygote deficiency was globally tested using Genepop software (10,000 iterations-Rousset 2008).
Spatial genetic structure and clustering.-To quantify the distance of effective gene flow, we conducted individualbased spatial autocorrelation analyses in Genalex (Peakall and Smouse 2006) . We generated pairwise Smouse and Peakall (Smouse and Peakall 1999) genetic and geographic distance matrices and calculated an overall correlation coefficient r. To quantify the extent of spatial dependence, we calculated r over increasingly large distance classes and generated a correlogram to visualize results. The largest distance class before r is not significantly different from zero is interpreted as the distance of effective gene flow (Epperson 2003; Peakall et al. 2003) . In cases where an individual was captured on > 1 occasion, we used the location of 1st capture for subsequent analyses. We determined significance of spatial autocorrelation by calculating r and the upper and lower 95% confidence intervals using 999 bootstrapped samples of r for each distance class.
To quantify levels of interindividual relatedness at very fine scales associated with trapping grids and specific habitats, we quantified the average relatedness among individuals captured within the same trapping area at the scale of trapping grid (small scale) and the scale of a trapping site (larger scale), with the stipulation that only traps within a site that were less than 500 m apart be considered at this larger spatial scale. We examined the relatedness among individuals within these 2 spatial scales for each species by first calculating pairwise relatedness values (based on the Queller-Goodnight estimator) for all individuals using program Genalex (Peakall and Smouse 2006) . From there, we calculated the average relatedness and 95% confidence intervals using 999 bootstraps in the Pop Means function in Genalex (Peakall and Smouse 2006) .
We identified the presence and location of genetic clusters and cluster boundaries using the spatial Bayesian clustering program Geneland (Guillot et al. 2005b ). Using the spatial option in Geneland, we incorporated spatial coordinates of individual mice and multilocus genotypes to quantify the posterior probability of membership to each respective genetic cluster. Boundaries were identified by sharp gradients in posterior probability of assignment among clusters (Guillot et al. 2005a) . Using a Markov Chain Monte Carlo (MCMC) algorithm, we estimated the number of genetic clusters (K). First, we allowed K to vary among a hypothesized number of genetic clusters (1-10). We then ran the algorithm with K fixed at the value from this initial run with the highest average posterior probability. We repeated this process 3 times with the following parameters: 200,000 MCMC iterations, maximum rate of Poisson process at 225 for P. leucopus and 51 for P. maniculatus bairdii (i.e., equal to the number of individuals as suggested by Guillot et al. (2005b) , minimum K = 1, maximum K = 10, and maximum number of nuclei of the Poisson-Voronoi tessellation at approximately 3 times the maximum rate of the Poisson process (Guillot et al. 2005a ). For our allele frequency model, we used the uncorrelated option in Geneland (Guillot et al. 2005b) . Based on the inferred number of genetic clusters for both species (K = 2), we re-ran the MCMC algorithm 10 times (thinning = 10) and subsequently calculated the mean logarithm of the posterior probability of genetic assignment.
Landscape genetic analysis.-We selected landscape features hypothesized to influence movement of P. leucopus and P. maniculatus bairdii. For each of the hypotheses described in the Introduction, we generated cost surfaces to quantify how specific landscape features influenced the spatial genetic structure of each species within the KBS. To test the hypothesis that interindividual genetic relatedness was associated with straight-line distance among individuals (isolation by distance-Wright 1943), we assigned all grid cells a value of 1. We created a binary major paved road cost surface based on the location of paved roads within the KBS (see Supplementary Data SD4). We assigned a high movement cost (100) to grid cells with roads and a low movement cost (1) to grid cells without roads. Our forest and open-agriculture cost surfaces were based on the 2011 National Land Cover Database (Fry et al. 2011) . For each cost surface, we calculated the proportion of either forest or agriculture in each 60 × 60 m grid cell and based the cost surfaces on those proportions. To create a cost surface representing the influence of the spatial distribution of 1 species on the spatial genetic structure of the other, we generated a 60 × 60 m raster from capture locations using kernel density estimation (Gaussian kernel with bandwidth calculated by smoothed cross-validation). For our cost surface representing cropping configurations, we digitized orthoimagery to include the location of all crops, forest stands, and developed (roads and dwellings) areas (see Supplementary Data SD4). We used a pixel size of 1 × 1 m for our cropping configuration cost surface because we were able to derive this surface from orthoimagery, and consequently develop a cost surface at a finer resolution that captured the fine-scale differences in crop type across KBS. For this hypothesis, we assigned movement costs to grid cells for 2 different models based on the habitat preferences of each species (see Supplementary Data SD3).
We used the Landscape Genetics extension for ArcGIS 10.1 (Etherington 2011) to calculate the least-cost path (LCP) between all pairs of mice, for each cost surface, as the sum of the costs along the LCP. We tested different weighting schemes (i.e., assigned values ranging from 1 to 100, 1 to 1,000, or 1 to 10,000; see Supplementary Data SD5) for each cost surface using Mantel tests (Mantel 1967; Rayfield et al. 2010 ) and the Peakall and Smouse genetic distance among mice as a measure of genetic distance. Mantel tests were implemented with the ncf package (Bjørnstad 2013) in R (R Development Core Team 2013), using 1,000 permutations. The significance of Mantel correlations was not influenced by the cost-weighting scheme (see Supplementary Data SD5) and so we performed subsequent analyses with cost surfaces scaled from 1 to 100. We also investigated the issue of low sample size for P. maniculatus by randomly subsetting the P. leucopus data set. For the most-supported cost surface from our full P. lecuopus data set, we re-ran our LCP analysis and subsequent Mantel test for this restricted data set. We assumed that there was a linear relationship between the original raster data and our cost surface values (Garroway et al. 2011) .
To determine the most-supported cost surface model, we conducted Mantel tests between the cost distance for each cost surface (scaled from 1 to 100) and interindividual genetic distance. The magnitude of the correlation coefficient r indicates the strength of the relationship. We evaluated each test at an α-value of 0.05.
results
Over 26 total trap nights between May and August 2013, and based on species identification protocols described above, we captured 225 unique P. leucopus and 51 P. maniculatus baiirdii. We caught and marked 144 male and 70 female P. leucopus and 11 individuals of unknown sex. We caught and marked 26 male and 23 female P. maniculatus bairdii and 2 individuals of unknown sex. Forty-nine P. leucopus individuals were recaptured twice and 8 were recaptured 3 times. Eighteen P. maniculatus bairdii individuals were recaptured twice and 1 was recaptured 3 times. Of the 276 individuals captured at least once, only 5 individuals moved distances > 20 m, with the majority of individuals moving < 10 m between captures. We trapped both species in all 3 cover types (crop, forest, developed) sampled, with P. maniculatus bairdii found predominately in crops and P. leucopus found predominately in forested areas.
Genotype frequencies for most of the 10 microsatellite loci did not deviate significantly after Bonferroni correction from Hardy-Weinberg expectations (P < 0.005), except 3 loci for P. leucopus samples (Bw4-260, Bw3-12, and Pml-12), and 2 for P. maniculatus bairdii (Pml-04 and Pml-05; data not shown). Levels of genetic diversity were similar for P. leucopus and P. maniculatus bairdii (mean H E = 0.87 and H E = 0.83, respectively). Nevertheless, the mean allelic richness was higher for P. leucopus (N a = 18) compared to P. maniculatus bairdii (N a = 13; see Supplementary Data SD2). F-values (Wright's inbreeding coefficient) were highly positive (P. leucopus = 0.138, P. maniculatus bairdii = 0.197), and we quantified significant heterozygote deficiency for both species (P < 0.001).
Significant genetic autocorrelation was found for P. leucopus over distances up to 1,800 m ( Fig. 2A) , as evidenced by 95% confidence intervals not overlapping zero up to this distance class. The r-value for P. maniculatus bairdii overlapped zero for every distance class except 0-300 m, although the lower limit of the 95% confidence interval is approximately 0 (Fig. 2B) . However, the mean r-value for P. maniculatus bairdii is similar to that of P. leucopus with less precise confidence intervals, suggesting that increasing sample size for P. maniculatus bairdii may elucidate a similar pattern and distance of significant spatial genetic autocorrelation.
We identified 2 genetic clusters for P. leucopus and P. maniculatus bairdii (Figs. 3A and 3B ). For P. leucopus, this corresponds to a cluster occupying mostly agricultural fields and another disjunct grouping of related individuals within woodlots (Figs. 1 and 3A) . For P. maniculatus bairdii, this corresponds to a cluster occupying wooded and open areas in the middle and eastern portion of the KBS and another disjunct grouping occupying the northern (area almost entirely devoted to agriculture) and southwestern portion (primarily wooded) of the KBS (Figs. 1 and 3B ). Within distinct trapping grids and sites, there were differences in mean relatedness for both species (Fig. 4) . Although mean relatedness was usually not significantly greater than average relatedness expected by chance, both species had a significant and high mean relatedness in the dairy pasture habitat (Figs. 1, 4B , and 4D).
For P. leucopus, our roads landscape model had the most support compared to alternative models based on the magnitude of the correlation coefficient r (Mantel r = 0.042, P = 0.048; Table 1 ; Supplementary Data SD6). This model was no longer supported when we ran this analysis using a restricted sample size (n = 49, Mantel r = 0.08, P = 0.08). No other models were significant at an α of 0.05 (Table 1) . For P. maniculatus bairdii, no models describing the hypothesized relationship between landscape structure and spatial genetic structure were statistically significant (Table 1) . Neither species demonstrated a significant relationship between Euclidean distance and genetic distance (Table 1) indicating that the relationship between these distance metrics as observed in the autocorrelation analysis (Fig. 2) is not a linear function of distance over all distance intervals, only for short geographic distance intervals.
discussion
Our study is one of very few landscape genetic analyses conducted in an agroecosystem (Storfer et al. 2010) as well as one of a few studies that consider multiple, co-distributed species (but see Goldberg and Waits 2010; Selkoe et al. 2010 ). Additionally, our study was unique in that it was conducted on a microgeographic scale rather than a large, phylogeographic scale (e.g., Wasserman et al. 2010; Short Bull et al. 2011; Howell et al. 2016) . Across the KBS agroecosystem, we found evidence of spatial genetic structure for 2 Peromyscus species, P. leucopus and P. maniculaus bairdii. Significant positive F-values found for both species also support the presence of genetically different groups across this heterogeneous landscape, indicating subpopulation structure (Wahlund effect) in these populations. The location of genetic clusters and extent of spatial genetic autocorrelation differed between species, with P. leucopus showing strong evidence for interbreeding among individuals up to almost 2 km. Our landscape genetic analysis of interindividual genetic distance and least-cost distance demonstrated that spatial genetic structure of P. leucopus was influenced by the spatial distribution of roads, whereas spatial genetic structure of P. maniculatus bairdii was not significantly influenced (Fig. 2A) . These findings suggest that at the scale of the entire KBS, gene flow is restricted enough to produce spatial genetic structure and clusters of interbreeding individuals (Fig. 3A) . Studies of the spatial genetic structure of small mammals conflict with regard to whether patterns of nonrandom mating and restricted gene flow were detected (Peakall et al. 2003; Gauffre et al. 2008; Messier et al. 2012) . Results from our analysis of fine-scale interindividual relatedness suggest that in both species, non-random mating is occurring in some portions of the study area. Specifically, within the pasture used by dairy cattle and woodlots encompassed by the Dairy study site, individuals have a high mean relatedness (Figs. 1,  4C , and 4D). Landscape fragmentation inherent in humandominated agriculture landscapes is likely a cause of the spatial genetic structure we observed for P. leucopus. For P. maniculatus bairdii, our analysis of spatial genetic autocorrelation suggested interbreeding of individuals located within 300 m of each other (Fig. 2A) . These results suggest even more restricted gene flow relative to P. leucopus, however, as previously mentioned our low sample size for P. maniculatus bairdii makes it difficult to derive strong inferences.
Roads were the only landscape feature we considered that was significantly related to genetic distance among individual P. leucopus (Table 1) . Genetic clusters tended to be on either side of a road (particularly the widest and highest traffic volume road on KBS) rather than located such that large portions of a road intersect a genetic cluster ( Fig. 3 ; see Supplementary Data SD4). Previous studies tracking individual mice demonstrated that the number of individuals moving across roads was significantly lower than the number of individuals moving the same distance within a continuous forested area (Merriam et al. 1989) . In typical agroecosystems that are often bisected by multiple paved and unpaved stretches of road, this barrier effect could have demonstrable impacts on the viability of P. leucopus populations. If roads act as a barrier to movement, individuals will be unable to interbreed across roadways and populations may become increasingly isolated. These smaller, isolated populations may consequently suffer the effects of inbreeding and reduced genetic diversity (Frankham 1996) . Because of their potential importance in managing crop insect pests (Whitaker 1966) and as a food resource for avian species of conservation concern (Geis 1952) , declines in the health and size of P. leucopus populations could have negative consequences for other species within this community as well as for farm productivity. Somewhat surprisingly, we found no relationship between spatial genetic structure and percent forested area (Table 1) . Although some research has suggested P. leucopus prefer forested areas (Burt 1940; Cummings and Vessey 1994) , other studies have found evidence that P. leucopus will readily use and move through more open areas, such as crops or fallow crop fields (Middleton and Merriam 1981) . Our results support the assertion that P. leucopus are generalists as it pertains to movement ecology and do not show avoidance of open areas at the spatial scale we evaluated. For example, in our fine-scale analysis of interindividual relatedness, animals captured within the Dairy farm study site (which encompasses both woodlot and pasture) have relatively high relatedness. We did not find a significant relationship between heterospecific density and spatial genetic structure for either species (Table 1) .
Spatial genetic structure of P. maniculatus bairdii was not related to any of the landscape variables we hypothesized would influence dispersal and patterns of mating. However, from our Geneland results, it appears that there are 2 distinct clusters within the KBS. Our sample size for P. maniculatus bairdii was relatively small compared to P. leucopus, and our spatial dispersion of samples was more limited. Consequently, given a larger sample size, through targeted sampling of P. maniculatus bairdii for example, we may have detected a significant relationship between interindividual genetic distance and cost distance. This assertion is supported by the lack of a significant fit between cost distance from our roads cost surface and P. leucopus genetic distance when we re-ran this analysis using a subset of individuals, equal to the sample size available for P. maniculatus. Additionally, we may have failed to detect the influence of any specific landscape feature because of the short temporal scale of our study. One of our hypotheses was that the spatial configuration of specific crop types in the previous year would impact dispersal and subsequent spatial genetic structure. One of the still understudied areas of research in landscape genetics is the lag effect; the length of time it takes for changes in landscape structure to initiate a genetic response (Manel and Holderegger 2013) . In our study system, crops are rotated every year (corn, soy, wheat) and thus, barriers to gene flow are only episodically imposed. For example, we hypothesized that corn, relative to soy, would be less of a barrier because it could provide overhead cover from aerial predators. Consequently, a period of a single year with a specific cropping configuration may not be sufficient for genetic differentiation to accrue before a different cropping array is planted the following year. This type of potential barrier to dispersal and gene flow is in contrast to anthropogenic systems with long-standing barriers that are typically studied. If we were able to apply a treatment to KBS (e.g., planting only pasture each year, which provides fewer forage opportunities and less protection from avian predators) and then sample our population of Peromyscus at a future time point (e.g., 10-20 years later), we may observe a clearer influence of cropping configuration on spatial genetic structure.
Agriculture is one of the most ubiquitous land uses by humans globally (Matson et al. 1997) . Consequently, it is important that studies of the effect that landscape features have on dispersal should include human-dominated landscapes. Rodents in the genus Peromyscus are important components of their biological communities through their impact on plants and invertebrates (Whitaker 1966) and as a prey resource for other species (Geis 1952) , some of which are threatened or endangered in portions of their range (Clarke 1983) . Closely related species such as P. leucopus and P. maniculatus bairdii may have similar life histories; however, dispersal is often species-specific and thus species may differ in their genetic response to the spatial configuration and composition of landscape structure (Goldberg and Waits 2010) . Our study provides information pertaining to small mammals and agroecosystems that are less represented in the literature (Loxterman et al. 1998; Lapointe 1999, 2001; Yang and Kenagy 2009; Munshi-South and Kharchenko 2010; Munshi-South 2012) and provides insight into the potential negative effects of habitat fragmentation on rodent dispersal and gene flow.
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